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ABSTRACT

. . . 1.0INTRODUCTION
One of the welding technology is SMAW (Shielded MeArc

Welding) has its own advantages, such as, therduaethe heat
source used can be varied, easy to be used inugavielding

positions, penetration and the electrode width eftimg can be
adjusted. In order for proper welding speed, tlesearch uses

SMAW welding machine with sliding adaptive verticgystem welding process because the welding process hamportant

that varies the flow and welding speed to the wedi  (oie iy the field of metal engineering and repdisida, S. dan
characteristics, by doing visual observation andchmaical Waluyo, J. 2013).

properties using tensile test. The welding speedoistrolled

using arduinouno with stepper motor rotation asditining force.

The material used is mild steel which has beeredes$br its ot 1\ /
composition content, the groove used is single d0ge with 60 ° {
and electrode used is E6013 electrode. The nunftsgezimens

varied by 9 specimens with the highest tensilengtteis 543,48 ) > £ @j?\
P gl

The use of metal in every field of construction amahufacturing
industry has increased in accordance with techimdbg
developments in meeting human needs. The develdpwien
advanced industrial technology can not be separfted the

MPa and the lowest value is 253,75 MPa. Micro weldi
structure is determined by many factors includireathinput,
current strength, welding speed, and cooling fatéhis study the
HAZ area has a larger grain structure than baselraed weld p

metal. ' ' 7]
/i g = ~

KEY WORDS: Welding, SMAW,Tensteel Strengh.HAZ ) . .
Figure1l: SMAW (Shielded Metal Arc Welding)

(Kumar dan Duhan, R. 2016)
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The definition of welding according to Jenney, C. dnd
O'Brien A. (2001) is the process of grafting thetenal by
heating it up to reach the welding temperaturehvat using
pressure or without using a fill metal.

According to Santoso, T. B., Solichin and Tri, Hutm, P.
(2015) for industries involving metal or steel, esiplly in the
field of development by using welding, various esbes are
required in order to achieve high quality weldimag, it concerns
safety and usage life. In SMAW welding process alzlgs that
determine the quality of the welding results argf@nselection of
materials plus the corresponding, the selectioouofent used on
the engine shall be adjusted to allow the meltihghe added
material (electrode) to be perfect, as well as pbsition and
welding speed to be precise. The selection of thes@&bles
depends on the skill of the operator performingntheso the
determination of those variables often changescéaipein terms
of flow selection and welding speed.

To get quality good SMAW welding results requiretfaaned
welder, will be faster and welding position of easlelder is
different, so to get the constancy of the speed osition of
welding has difficulty. Unlike the welding proceissdone using
SMAW welding machine with sliding adaptive vertisaistem to
replace the welder so that the parameters of speggbosition of
welding can be obtained constantly (fixed).

In addition to the positioning parameters and wejdipeeds
performed by the operator and contained in the SMA®Wting
machine affecting the quality of the weld is therent used. It is
therefore necessary to study and study the cawelbetween the
current and the speed of welding to obtain a goodlity of
SMAW welding. The study was conducted using a nt@f
low carbon steel (mild steel).

According to Wiryosumarto, H. (2000) carbon steghgists
of iron and carbon. Carbon is an effective and peesive
hardener. Therefore, in general most of the steatains only
carbon with a few other alloying elements. Theatighce in the
percentage of carbon content in the steel alloytun&xbecomes
one of the steel classifications which are basedasbon content,
low carbon steel, low carbon steel, low carbonlstee

During welding, the welded metal and heat affectede
(HAZ) will undergo a series of thermal cycles, iealing to
maximum temperature and then cooling. The thermallec
affects the microstructure of the weld metal andZ-# which
the weld metal will undergo a series of phase foanstions
during the cooling process, i.e. from the molterldveetal to
Ferrited theny (Austenite) and finally ta (Ferrit). In general the
time (cooling time) between the temperatures of0€00 5000C
is used as a reference in carbon steel weldingausecat that
temperature interval there is a phase transformaticom
Austenite ) to Ferrite or Bainite depending on its cooling@ep.
Setiawan, A. and Asra, Y. W. (2006)

20METHODOLOGY

This research was conducted to determine the optioh of
SMAW welding machine with sliding adaptive verticgistem by
varying the current and welding speed to the mechhn
properties of the material using tensile test. $peed of welding
using stepper motor rotation with arduino uno calfgr.
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Figure 2: The concept of sliding adaptive vertical engine
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2.1 Equipment

The equipment used in this research is SMAW welditaghine
with Adaptive Vertical Sliding System, Liquid Perasit, Frais
and Computer Servo Control Material Testing MechMaterials
used are low carbon steel (mild steel).

2.2 Manufacture of Test Objects

Prepare test specimens according to planned diovensi
beginning with literature study and preparationttoé SMAW
testing machine in accordance with standard opeyatrocedure
(SOP).

100

Figure3: Specimen welding test

2.3 Data Retrieval
In this research the data retrieval method is doqeerimentally,
which is namely varying the current and speed oiding
(welding speed) by using electrode E6013. Elecsoslith code
E6013 for each letter and each number have thepertive
meanings:
E = Electrodes for electric arc welding.
60 = Declare the voltage value Drag minimum yield
welding multiplied by 1000 Psi.
1 = State the position of welding, 1 means candselu
for welding of all positions.
3 = Electrodes with a shallow penetration of theemal of
potassium rough powder with AC or DC current.
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Table 1: Variation of current to welding speed

. Current Welding Speed
Specimen A) Rpm
X3 70 1,5
X, 70 1,78
X3 70 2.0
Y 75 15
Y, 75 1,78
Ys 75 2.0
Z; 80 15
Z, 80 1,78
Z3 80 2.0

3.0RESULT AND DISCUSSION

3.1Visual Test Results

Visual Test is a test that is nailed to the weklhes by looking at
and observing the weld results are visible. In gtigly the test is
done visually to know the width of the welding risu

Table 2: Visual test result

Motor Width of welding
. Ampere | Angle | rotation
specimen (A) (e)° Average
(Rpm) 1 2 3 il
X1 70 70 1,5 12 | 13 | 13 12,7
X2 70 70 1,75 10 [ 10 | 11 10,3
X3 70 70 2 10 | 10 | 10 10,0
Y1 75 70 1,5 14 | 14 | 14 14,0
Y2 75 70 1,75 12 | 13 | 14 13,0
Y3 75 70 2 12 | 12 | 14 12,7
Zy 80 70 1,5 17 | 17 | 16 16,7
Z, 80 70 1,75 15 [ 15 | 16 15,3
Z3 80 70 2 15 | 15 | 14 14,7
Width of the average weld result 13,3

The width of welding with the highest value of 1&m
occurred on specimen Z1 and welding width with tbeest
value of 10 mm occurred on specimen X3. From t2blee can
see the average weld width of 13.3 mm. X1, Y2 adare
specimens close to the width of the welding of 18r8.

3.2 Results of Liquid Penetrant Testing

After conducting nine experiments, the selectiordame
using liquid penetrant to find the best of the &toins that
have been done.

Results of liquid penetrant testing sorted to dwhfer testing.
Tensile test specimens shall be done to the best thut of nine
variations of which have been carried out. In Féegdircan be seen
the results of testing liquid penetrant and choospssiman
testing will be done next, where specimens X1, ¥id 3 have
the least welding defects.

3.3 Tensle Testing

Tensile was tested in this study using JIS Z 22@17NTensile
test using Computer Servo Control Material TestMgchine
conducted in Laboratory of Quality Control, Polytac of
Kampar, Bangkinang -Kampar.

10

Figure5: Tensile test specimen JIS Z 2201 No. 7

The strength of a material can be seen from theevaf its
tensile strength, the higher its tensile strengtntthe material is
stronger. After doing the nine experiments, theaan is done
using liquid penetrant to find the best of the &aoins that have
been done. test and know the result of tensile festan be
determined tensile strengths)( Renggangane¢) and elastic
modulus (E) with the formula:

*Tensile strength(MPa)

F

o= 1)
« Strain(%)
g =Ty g 2
T, 0 3
«Modulus of elasticity(N/mf)
E=2 (3)

&

Table 3: The results of tensile test

(@) The specimen welds

Max. Yield Tensile Strain
Specimen Force Strength Strength (&)
(@) (E) (0)
(N) (N/mm?) (MPa) (%)
X 3.126,20 117,87 253,75 2,041
Y, 6.815,20 400,54 543,48 5,600
Z3 7.636,00 316,46 499,09 5,208
Mild Stee | 7.251,9( 288,5: 489,3: 11,37¢

(b) Resultsapdit
Figure4: Penetrant Testing
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Figure 6: Tensile test result chart (TensileStrength)

From figure 6 can be seen the highest tensile gtinemalue
occurs on specimen Y2 of 543,48 MPa. And the lowedtie
occurs on X1 specimens of 253,75 MPa.
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Figure7: Tensile test result chart (YieldStrength)

From figure 7 it can be seen that the highest ysttdngth
value occurs on Y2 specimen which is 401 N /’mAnd the
lowest value occurred on X1 specimens of 118 N Zmm
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Figure 8: Tensile test result chart (Max. Force)

From figure 7 it can be seen that the Y2 specimbithvis

401 N/mnf. And the lowest value happens on X1 specimens of

118 N/mm2.

Figure9: Tensile test result chart (Elongation)

From figure 9 can be seen the highest yield sthengiue
occurs in mild steel specimens that is equal t8713%. And the
lowest value occurred in X1 specimens by 2.041%.

3.4 Metalografy Test

In this study, microstructure observation aims itod fout the
shape, arrangement, and grain size in the weldHhd areas.
Micro welding structure is determined by many fastmcluding
heat input, current strength, welding speed, amfirog rate.

Weld Metal
HAZ

Base Metal

Figure 10: Metalografy results

From figure 10 we can see the comparison of graircire
dimension, where in HAZ area has larger grain stmecthan
base metal and weld metal. Grain structure on weddal is
smaller than base metal. Based on the analysigait be
concluded the weld metal material is stronger tihanbase metal
material.

4.0 CONCLUSION

Experimental studies were conducted by varying ftbe and
welding speed against mild steel materials withotltof 9
specimens. These 9 specimens were then subjectedsual
testing, liquid penetrant testing and tensile testiHasli of the
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test can be summarized as follows:

» By visual testing of 9 specimens the averagedeglwidth
was 13.3 mm, the highest welding width of 16.7 nmyousred
on specimen Z1 and the lowest welding width of 1t m
occurred on specimen X3.

Liquid penetrant testing was performed on 9 spens, of
which 3 had the fewest weld defects, the specinénsy?2
and Z3.

The highest tensile strength occurs on Y2 specsnof
543.48 MPa, the lowest value occurring in X1 specimof
253,75 MPa and mild steel without welding specinmesmgng
a tensile strength of 489.33. In this case theilessrength
after welding is better than the strength of thetemal
without welding.

HAZ areas have larger grain structures than lbasel and
weld metal. Grain structure on weld metal is smallen
base metal
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